Blastomas are tumors virtually unique to childhood. Controversy surrounds their nomenclature and there is no globally accepted classification. They are thought to arise from immature, primitive tissues that present persistent embryonal elements on histology, affect a younger pediatric population and are usually malignant. The commoner blastomas (neuroblastoma, nephroblastoma, hepatoblastoma, medulloblastoma) account for approximately 25% of solid tumors in the pediatric age range. We present examples of the more unusual blastematous pediatric tumors (lipoblastoma, osteoblastoma, chondroblastoma, hemangioblastoma, gonadoblastoma, sialoblastoma, pleuropulmonary blastoma, pancreatoblastoma, pineoblastoma, and medullomyoblastoma) that were recorded in our institution. Although these rare types of blastomas individually account for 51% of pediatric malignancies, collectively they may be responsible for up to 5% of pediatric tumors in a given population of young children. Imaging is often non-specific but plays an important role in their identification, management and follow-up. Some characteristic imaging features at diagnosis, encountered in cases diagnosed and treated in our institution, are described and reviewed.
Introduction
The majority of pediatric cancers reflect an abnormal developmental process, an error in the chromatic structure, and to a lesser degree result from external insult or exposure [1] . The suffix blastoma reflects a presumed relationship to primitive, blastic elements [2] and a dysontogenetic character [3] . The pediatric embryonal tumors are presumed to arise from immature cellular populations that have not completed the process of differentiation to mature tissue phenotype during pre-and post-natal development and are diagnosed in the majority during the first 5 years of life [1] . The four commonest embryonal malignancies (neuroblastoma, retinoblastoma, nephroblastoma (Wilms tumor), and hepatoblastoma) represent the most frequent solid neoplasms presenting in early childhood; they account for approximately 20% of malignancy in children younger than 15 years [1] . Medulloblastoma, in addition, is the commonest malignant central nervous system (CNS) tumor of childhood [4] .
In this review, we present the radiologic features of the less common blastematous tumors of childhood according to their prevalence (lipoblastoma, osteoblastoma, chondroblastoma, hemangioblastoma, gonadoblastoma, sialoblastoma, pleuropulmonary blastoma, pancreatoblastoma, pineoblastoma, and medullomyoblastoma) that were recorded in our institution. Since these tumors individually account for 51% of the pediatric malignancies, radiologists may only encounter isolated cases. However, some specific or suspicious features presented in this paper could help them include these entities in their differential diagnosis.
Lipoblastomas
These are rare benign adipose tumors arising from immature adipocytes demonstrating varying degrees of differentiation [5, 6] . Lipoblastomas show male predominance and are found almost exclusively in children younger than 5 years; 12 months is the reported median age of presentation with some cases present at birth [57] .
There are two forms of lipoblastoma: (a) the lipoblastoma a superficial, well circumscribed, and encapsulated lesion, which macroscopically resembles a lipoma; (b) the lipoblastomatosis a deeply located, poorly circumscribed, macroscopically diffuse and infiltrative lesion. Lipoblastomatosis is commoner, affecting 66% of all cases [8] , and has a tendency to recur postsurgically [5, 6] . Lipoblastomas present as soft, non-tender, lobular masses of variable size, which enlarge rapidly [5, 6] . They usually occur in the extremities, followed by the chest wall and the retroperitoneum, and very rarely in the mediastinum (Figs. 13) . A few reports of intrascrotal lipoblastomas mimicking testicular torsion have been made [9] . These tumors show a peculiar predilection for the left side of the body, which may suggest an association with genes of asymmetry, and a breakpoint on chromosome 8q 1113 [5] . Plain radiographs show a non-specific soft-tissue mass with no calcifications and no erosion of the adjacent bones (Fig. 1) . On ultrasound (US), the lesion is lobulated, of mixed echogenicity. With large lesions, adjacent structures are usually displaced but not significantly compressed (Figs. 2 and 3) . The lipomatous features of the lesion, which strongly depend on the amount of mature lipocytes [5, 6] , are usually evident on computed tomography (CT) and magnetic resonance imaging (MRI) where a detailed map of its location and extent is provided (Figs. 2 and 3) . The increased cellularity of lipoblastomas makes their appearances on MRI confusing, as they show high signal on both T1-weighted (T1W) and T2-weighted (T2W) images but the signal on T1W is lower and often more heterogeneous than that of the mature subcutaneous fat (Figs. 1 and 2 ). This feature may differentiate lipoblastomas from lipomas.
Treatment of lipoblastomas is complete surgical excision, with recurrence rates that range from 9% to 22%, usually associated with incomplete excision [7] .
Osteoblastomas
These are relatively uncommon benign bone neoplasms, with a tendency to affect the vertebral column with a predilection for the posterior spinal elements [10] . Ninety percent of osteoblastomas present during the first two decades of life with a range of 6 months to 75 years [11] . There is a male predominance with non-specific symptoms, such as dull aching pain and localized tenderness at the lesion site, or myelopathic signs when they invade intra-spinally [11] . In children, altered gait patterns or reactive scoliosis may be encountered. None of the available series specifically addresses the differences between the pediatric and adult patient populations [12] . Osteoblastoma is twenty times less common in occurrence than osteosarcoma and four times less frequent than osteoid osteoma [11] . It has also been termed giant osteoid osteoma because of their striking histologic similarity, although radiologically they are very different as osteoblastoma tends to form a less sclerotic, more expansile mass which may acquire a large size due to delayed diagnosis [11, 13] . Usually CT is the examination of choice offering detailed information about the origin, extent and nature of the tumor [14] . Spinal osteoblastoma is usually a welldefined, expansile lytic bone lesion with a sclerotic rim and a central portion with granular appearance due to punctate mineralization of the osteoid (Fig. 4 ) [11] . It may show locally aggressive features, and recur post-operatively [13] . MRI rarely contributes to the diagnosis as features are non-specific, sometimes confusing, and there is usually overestimation of the tumor extent due to widespread inflammatory reaction [1315] . Treatment of osteoblastomas includes wide surgical excision with autogenic bone grafting if necessary (Fig. 4) .
Chondroblastomas
They are rare benign cartilaginous neoplasms which typically develop from cartilage germ cells of the epiphysis of skeletally immature patients and account for less than 1% of all bone neoplasms [13, 1620] . Chondroblastoma typically develops in the long bones of young males with a peak incidence around the second decade of life [21] . The most frequent sites of involvement are the proximal parts of the humerus and tibia and the proximal and distal parts of the femur, and rarely the spine [17, 20, 22, 23] . Chondroblastoma of the spine behaves more aggressively than those in long bones, with high recurrence and mortality rates [22] . Chondroblastomas usually arise from a secondary ossification center which is a unique location for primary bone tumors [20, 21] . Sixty percent of chondroblastomas cross the growth plate to extend into the metaphysis [13, 18] . Clinical presentation usually includes quite severe local pain, swelling and limited range of motion of the adjacent joint [21] . Chondroblastoma is generally benign, shows slow pattern of growth with well-defined margins, but its clinical course is unpredictable as aggressive behavior with local recurrence and lung metastases have been reported [16, 19, 23] . The recurrence rate ranges from 10% to 35% after curettage and reconstruction with either bone graft or polymethylmethacrylate bone cement [20] . Factors contributing to recurrence are debatable among studies; more recent reports include: young age, aneurysmal bone cyst components, aggressiveness, anatomic site and inadequate surgery [20, 22] . The suspicion that an open growth plate negatively impacts local recurrence has not been proven [20] . On plain radiographs, chondroblastoma appears as an expansile, lobulated, lytic lesion in the epiphysis (Fig. 5a ) [20] ; it often shows matrix punctate calcification which is better demonstrated on CT [13, 21] . In aggressive cases, destruction of the cortex may be seen but this is generally unusual [16] . On MRI, chondroblastoma shows low or intermediate signal intensity on T1W images. T2W images demonstrate internal heterogeneity with often small, widely scattered foci of higher signal intensity on gradient-recalled imaging, which correspond to foci of hyaline cartilage or aneurysmal bone cyst (Fig. 5b ) [13, 16] . Prominent soft tissue and regional bone marrow edema and periosteal reaction may coexist (Fig. 5bII ) [13] . Post gadolinium administration, there is mild enhancement of the tumor and more marked enhancement of the adjacent inflammatory regions in the bone marrow, soft tissues and periosteum [13] . Since chondroblastoma typically develops in the epiphyseal zone, en bloc resection strategy is usually adopted with sacrifice of the joint function and inevitable growth disturbance [19] .
Hemangioblastomas
They are usually benign tumors that occur in young adults and children with Von-HippelLindaus disease, in whom they tend to be multiple and associated with the presence of cysts and tumors in other viscera, angiomatosis of the retina and polycythaemia [24] . Despite the implication of primitive, aggressive origin they are not malignant primitive neuroectodermal tumors (PNETs), but very low-grade, indolent vascular neoplasms with uniform cellular structure, extremely low mitotic activity and little pleomorphism [24] , classified as WHO grade I [2] . Hemangioblastomas are usually infra-tentorial, located in the cerebellum or in the brainstem, at the area postrema. About 70% of cerebellar hemangioblastomas and 20% of those located in the cerebrum and the brain stem are cystic with a small mural nodule attached onto the cystic wall [24] . The wall of the cyst is composed of fibrillary neuroglia and is devoid of tumor. On CT and MRI, hemangioblastomas present as cystic lesions with a mural enhancing nodule (Fig. 6 ) [25] . Although hemangioblastomas show no tendency to metastasize, there are sporadic reports of intra-spinal dissemination and local recurrence possibly due to subtotal excision [24] .
Gonadoblastomas
They occur in the perinatal period and represent the least common type of germ cell tumors, deriving from primordial germ cells [26] . Gonadoblastomas are almost exclusively found in phenotypic sex-reversed females with gonadal dysgenesis associated with a Y chromosome, or Y chromosome fragment (cell line) in their genome (XY females) [2630] . There are a few reports of gonadoblastoma development in anatomically male children with cryptorchism, sliding testicle, hypospadias, and even normal scrotal testicles and in dysgenetic ovaries in the apparent absence of Y chromosome [29, 30] . Although gonadoblastoma per se is a benign tumor and does not metastasize, there is potential for transformation into malignant germ cell tumors, usually a combination of gonadoblastoma and seminoma, which makes the prognosis less favorable [29, 30] . Gonadoblastomas may represent microscopic neoplasms, too small to be detected by diagnostic imaging. When obvious macroscopically, ovaries with gonadoblastoma development have the appearance of solid tumors in the lower abdomen on US and CT while some cases with bloody ascites have been reported [29] (Fig. 7) . Testicular gonadoblastoma on US presents as a hyperechoic area in the central part of the affected testicle [30] . Treatment of gonadoblastomas is gonadectomy, which leads to cure [26, 30] . In the presence of abnormal or undescended contralateral gonad, bilateral gonadectomy is recommended since the incidence of bilaterality of gonadoblastoma is considered high [30] .
Sialoblastomas
These lesions are extremely rare epithelial tumors affecting the major salivary glands, usually the parotid and less often the submandibular gland [3, 31] . They generally occur perinatally, sometimes detected on an antenatal scan, as local swelling and less often as nevus sebaceous [3, 31, 32] . Histopathologically, sialoblastomas are reminiscent of the embryonal epithelial anlage of the major salivary glands at various stages of development and cytodifferentiation, showing necrosis or cytological atypia beyond that expected for an embryonal epithelium [31] . Reports on the imaging characteristics of sialoblastoma are limited. It manifests as a soft-tissue mass usually invasive to the adjacent bone and muscles [3, 33] . On CT, it is hypodense to the brain and isodense to muscle [33] . On MRI, it is isointense to muscle on T1W images and shows higher intermediate signal intensity on T2W images, which suggests a high nucleus/cytoplasmic ratio belonging to blastema and possibly predictive of blastomas (Fig. 8a,b ) [33, 34] . Intra-tumoral areas of necrosis and hemorrhage may be seen, probably due to minor trauma of the fragile tumor tissue during vaginal delivery. Post injection of contrast medium, enhancement is heterogeneous and weak (Fig. 8c ) [33, 34] . In this age group, however, it should be remembered that the commonest lesion in the salivary glands, with predilection of the parotids, is the hemangioma. However, hemangiomas typically show hypervascularity on color Doppler ultrasound, uniform and intense enhancement post contrast injection on CT and MRI, and presence of flow voids on spin-echo MRI.
Sialoblastomas may become more anaplastic over time and are treated with surgery. Their clinical course is unpredictable and several recurrences post-operatively have been reported [3, 33] .
Pleuropulmonary blastomas (PPBs)
PPBs are rare intra-thoracic pediatric malignant tumors that consist of primitive or immature-appearing mesenchyme, often rhabdomyosarcomatous, with non-neoplastic, presumably entrapped, epithelium. Because of their rare occurrence in childhood, primary pulmonary neoplasms are usually diagnosed with a significant delay, being confused with other neoplasms or pleural empyema [35, 36] . PPB usually occurs in children less than 5 years of age [37] , which present with non-specific respiratory distress, or signs of respiratory tract infection and spontaneous pneumothorax [36, 38] . A few cases of critical lifethreatening presentation have been reported [36] . PPB is classified into three subtypes: type 1 (in 14%), which is predominately macrocystic, type 3 (in 38%), which is predominately solid and type 2 (in 48%), which is mixed [37, 38] . The cystic type may be misdiagnosed and managed as a benign cyst or type IV congenital pulmonary airway malformation (CPAM). PPB has recently been recognized as distinct from pulmonary blastoma, which is a focal lung tumor seen predominantly in adults [39] . The etiology of PPB remains unknown, but pathogenetic molecular abnormalities have been reported [37] . PPB has not been included in any well-characterized syndromic disorder but approximately 25% of cases occur in a familial setting with high prevalence of other tumors, such as multilocular cystic nephromas, thyroid adenomas and carcinomas, sarcomas, medulloblastomas, germ cell tumors, and hematological diseases [36, 38, 40] . Specific imaging findings to favor PPB are right-sided, pleural-based, peripherally located mass without chest wall invasion, that causes almost complete opacification of the hemithorax and mass effect, shows heterogeneously low attenuation with no calcification, and may be associated with pleural effusion and pneumothorax (Fig. 9 ) [36, 38, 39] . PPB, especially in children with type II or III, gives metastases mainly to the CNS and the skeletal system [36] .
Treatment is surgical excision followed by chemotherapy. Complete excision may be difficult in the presence of invasion in the adjacent vital mediastinal structures (Fig. 10 ) [38] . PPBs along with rhabdomyosarcomas and rhabdoid tumors are considered the most aggressive Figure 9 A 4-year-old boy with PPB presented to the local hospital with signs of lower tract infection. Ultrasound of the chest revealed hypoechoic material occupying the right pleural space, thought at the time to represent pleural empyema. (a) Plain film of the chest upon referral to our institution revealed opacification of almost the entire right hemithorax with loss of right hemidiaphragm, and mediastinal shift to the left (note the deviation of the nasogastric tube (arrowheads) placed high in position); there was no erosion or splaying of adjacent ribs. A right pleural drain had been inserted (arrows) but output was poor. (b) Unenhanced CT of the chest performed in the local hospital showed right hydropneumothorax (black arrows) lung window settings (I) and a large right-sided heterogeneous low attenuation mass which occupied the right hemithorax (white arrows), caused mediastinal shift to the left with absence of chest wall invasion soft tissue settings (II). These findings are considered typical of PPB. (c) MRI of the chest confirmed the presence of a heterogeneous mass in the right hemithorax with low signal intensity on T1W images, linear, possibly hemorrhagic, areas of increased signal intensity (white arrows) (I), and peripheral regions of contrast enhancement on axial and coronal T1W images post gadolinium (II and III respectively). pulmonary neoplasms and radiologists should raise the possibility of PPB in the differential diagnosis of a chest mass in the appropriate-age child [35] .
Pancreatoblastomas
These are rare primary neoplasms of the pancreas, but together with solid and papillary epithelial neoplasms they represent the commonest pancreatic tumors in the pediatric population [41, 42] . Histologically, pancreatoblastoma resembles the incompletely differentiated acini of the fetal pancreatic tissue at 7 weeks gestational age [42, 43] . Two categories have been reported on the basis of the anatomic origin of pancreatoblastomas: those arising from the ventral anlage of the pancreas, which are the right-sided, well-encapsulated tumors with no calcifications and good prognosis, and those arising from the dorsal anlage, the left-sided tumors [42, 44] . Dorsal anlage tumors contain islet cells, are infiltrative, show calcification and have a poor prognosis.
The age group affected is usually between 1 and 8 years, with a mean age of about 5 years [42, 43] . There is male and East Asian predominance [45] . The association of the congenital form of cystic pancreatoblastoma with BeckwithWiedmann syndrome, with alterations in the APC/b-catenin signaling pathway, has been described [46] .
Pancreatoblastomas grow slowly, acquire large size at presentation which makes it difficult to identify the organ of origin and differentiate from other abdominal pediatric malignancies. They cause symptoms from mass effect, or endocrine syndromes due to tumor adrenocorticotrophoid secretion and anemia due to duodenal and vascular invasion [43, 45] . Peritoneal and omental dissemination with ascites and distal metastases more commonly to the liver, and less often to the lung, bones, posterior mediastinum and the neck lymph nodes may be seen (Fig. 11 ) [44, 45] . Imaging can be suggestive of pancreatoblastomas. They present as well-defined, lobulated, heterogeneous masses, with necrosis and/or calcification, usually arising from the body and/or tail of the pancreas or involving the entire organ, rather than being universally located in the pancreatic head [45] . Since pancreatoblastomas are of soft and gelatinous consistency, they rarely cause biliary or duodenal obstruction, but they may encase adjacent vessels, which makes their distinction from neuroblastoma difficult [44, 45, 47] . On US, pancreatoblastomas show mixed or low echogenicity, sometimes containing small fluid areas (Fig. 11a,b) . On CT (Fig. 11c,d ), they are usually welldefined, hypodense lesions which show mild enhancement and internal enhancing septations. Calcifications within the lesion are either rim-like or clustered. On MRI, pancreatoblastomas usually have non-specifically arrowheads (b,c) ).
low to intermediate signal on T1W images (Fig. 11e) and high signal on T2W images, and may show enhancement [42, 45, 47] . Overall pancreatoblastomas are considered malignant due to their capacity to metastasize; however, 75% are resectable and only 14% progress after resection [46] .
Pineoblastomas or pinealoblastomas
These lesions arise from the pineal parenchymal cell, the pineocyte, account for only 15% of masses of the pineal region and represent extremely malignant embryonal neoplasms composed of primitive pineal cells that present most commonly in children. They bear appropriately the suffix blastoma, being part of the larger group of PNETs, which histologically show a relationship to primitive, blastic CNS elements [2] . They cause obstruction of the aqueduct of Sylvius and hydrocephalus, with compression of the midbrain tegmentum. Abnormal neuroopthalmologic findings and neuroendocrine dysfunction is a known association. Pineoblastoma may occur in a background of genetic predisposition with familial bilateral retinoblastomas, an association known as trilateral retinoblastoma [48] . On unenhanced CT, pineoblastoma shows areas of increased cellularity which are demonstrated as hyperdense regions, and features of aggressive infiltration (Fig. 12a) . MRI depicts a lobulated, invasive, solid lesion which enhances avidly with contrast. Signal intensity varies but pineoblastomas are essentially isointense to grey matter on T2W images, possibly related to the known paucity of cytoplasm and their dense cellularity (Fig. 12 ) [49] . Reports in adults with pineoblastoma outline the restricted water diffusion the lesions show due to their high cellularity in diffusion-weighted MRI images [50] . Pineoblastomas are given grade IV WHO classification, implying the highest degree of malignancy, usually show rapid recurrence and cerebrospinal dissemination, and are associated with a poor prognosis [2, 51] .
Medullomyoblastomas
They are rare embryonal tumors of the CNS, variants of medulloblastomas that show a degree of rhabdomyoblastic differentiation [52] . They arise exclusively in the infratentorial compartment and occur in children less than 10 years of age with male predominance.
Tumors exhibit hypercellularity on imaging studies, show variable enhancement and may contain necrotic areas. On CT, they present as hyperdense cerebellar masses frequently associated with hydrocephalus ( Fig. 13) . Biphasic nodularity, expressed as discrete T2W hypointense, CT hyperdense enhancing or T2W hyperintense, CT hypodense non-enhancing nodular foci, has been reported as a possible diagnostic feature of medullomyeloblastomas [52] . Treatment strategy is similar to that of medulloblastoma and includes surgery with chemotherapy and radiotherapy. Overall prognosis is poor.
Summary
We have presented the radiological features of several entities within this group of tumors that individually represent less than 1% of all pediatric neoplasms. Since these neoplasms are extremely rare, most centers will only encounter isolated cases and the suggestive imaging features described may help the radiologist to consider them in the differential diagnosis. Figure 13 Axial enhanced CT scans through the brain in a 3.5-year-old girl with medullomyoblastoma who presented signs of hydrocephalus. A hyperdense midline cerebellar mass is seen (arrows, a), compressing the brain stem anteriorly and causing obstructive hydrocephalus with subependymal edema (b).
